We report the synthesis and the characterization of six new heterometallic chloranilato-based ferrimagnets formulated as (NBu 4 )[MnCr(C 6 O 4 Cl 2 ) 3 ]·nG with n = 1 for G = C 6 H 5 Cl (1), C 6 H 5 I (3), and C 6 H 5 CH 3 (4); n = 1.5 for G = C 6 H 5 Br (2) and n = 2 for G = C 6 H 5 CN (5) and C 6 H 5 NO 2 (6); (C 6 O 4 Cl 2 ) 2− = 1,3-dichloro,2,5-dihydroxy-1,4-benzoquinone dianion. The six compounds are isostructural and show hexagonal honeycomb layers of the type [MnCr(C 6 O 4 Cl 2 ) 3 ] − alternating with layers containing the NBu 4 + cations. The hexagons are formed by alternating Mn(II) and Cr(III) connected by bridging bis-bidentate chloranilato ligands. The benzene derivative solvent molecules are located in the hexagonal channels (formed by the eclipsed packing of the honeycomb layers) showing π-π interactions with the anilato rings. The six compounds behave as ferrimagnets with ordering temperatures in the range 9.8-11.2 K that can be finely tuned by the donor character of the benzene ring and by the number of solvent molecules inserted in the hexagonal channels. The larger the electron density on the aromatic ring and the larger the number of solvent molecules are, the higher T c is. The only exception is provided by toluene, where the formation of H-bonds might be at the origin of weaker π-π interactions observed in this compound.
Introduction
One of the main advantages of molecule-based magnets is the possibility to modulate or tune the properties of the magnets by simply changing or modifying the building blocks used to prepare them [1] . This strategy led, at the end of last century, to the synthesis of different series of molecule-based magnets whose ordering temperatures and coercive fields could be modified with ease. A typical example is provided by the series of cyano-bridged heterometallic compounds formulated as A x M y [M'(CN) 6 ] z ·nH 2 O, where A is a monovalent cation, and M and M' are trivalent or divalent transition metal ions [2] [3] [4] . In this series, the magnetic exchange through the CN bridge can be modulated [5, 6] by changing A, M, and M' to obtain materials with interesting magnetic properties as photomagnetism [7] [8] [9] , single molecule magnets [10, 11] , and even magnetic order above room temperature [12] . Another family of molecule-based magnets whose properties can be easily modified by changing the constituent metallic atoms is the series of oxalato-based two-dimensional (2D) magnets formulated as (A)[M II M III (C 2 O 4 ) 3 ] (A + = monocation; M II = Mn, Fe, Co, Ni, Cu, . . . ; M III = Fe, Cr, . . . ; C 2 O 4 2− = oxalate dianion, Figure 1b ) that show ferro-, ferri-, or canted antiferromagnetic ordering with T c ranging from 6 K to 48 K depending on M(II) and M(III) [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . A third and recent example is the series of anilato-based heterometallic 2D honeycomb magnets formulated as (A)[M II M III (C 6 O 4 X 2 ) 3 ]·G, where A + is a monocation (see Table 1 ); M(II) and M(III) are transition metal ions as Mn(II), Fe(II), Cr(III), and Fe(III), G may be many different solvent molecules (see Table 1 ), and C 6 O 4 X 2 2− is the 1,3-disubstituted-2,5-dihydroxy-1,4-benzoquinone dianion (with X = H, Cl, Br, NO 2 , . . . Figure 1a ), known as anilato-type ligands [23] . This family of magnets shows a honeycomb (6,3)-2D structure with the same topology as the oxalato ones and, as in the oxalato family, it is also possible to change the magnetic properties by simply changing the building blocks [23, 24] . Albeit, there are three important differences between these two series; the first difference is observed in the sign of the magnetic coupling-it is always antiferromagnetic in the anilato-based compounds, whereas it may be ferro-or antiferromagnetic depending on the metal ions, for the oxalato series. This fact precludes the presence of magnetic ordering in the homo-metallic anilato-based lattices but not in the hetero-metallic ones, where long range ferrimagnetic is observed when the spin states of the metal ions are different [Mn(II)Cr(III) and Fe(II)Fe(III), see Table 1 ]. The second difference is the rigidity of the oxalato ligand ( Figure 1b ) in contrast to the anilato ligand that can be easily modified by changing the X group (X = H, F, Cl, Br, I, CH 3 , Cl/CN, NO 2 , . . . ) [25] . This change has already allowed a tuning of the ordering temperatures in the series of compounds (NBu 4 )[MnCr(C 6 O 4 X 2 ) 3 ] (X = H, Cl, Br, and I) [23] The third important difference is the size; the hexagonal cavities of the honeycomb structure are twice as large in the anilato-based compounds and, when packed in an eclipsed way, originate hexagonal channels with BET areas of up to 1440 m 2 /g [26] . These hexagonal channels may be filled with solvent molecules (in contrast to the oxalato-based compounds) that can be easily removed, giving rise, in some cases, to important changes in the magnetic properties. Thus, in compound (NMe 2 H 2 ) 2 [Fe 2 (C 6 O 4 Cl 2 ) 3 ]·2H 2 O·6DMF, the removal of the solvent molecules results in a decrease of the ordering temperature from 80 to 26 K [27] . In compound (Et(i-Pr) 2 NH)[MnCr(C 6 O 4 Br 2 ) 3 ]·H 2 O·0.5CHCl 3 , the removal of the solvent molecules changes the magnetic behavior (the solvated compound is a metamagnet with a critical field of 490 mT at 2 K, whereas the de-solvated phase is a ferrimagnet with T c = 9 K) [28] . The possibility to change the magnetic properties (ordering temperatures, magnetic behavior, or critical and coercive fields) by simply changing the solvent molecules is, therefore, a very appealing strategy to modulate T c in these series of 2D magnets. Furthermore, when using lanthanoids as metal ions, the solvent molecules also play a key structural role in these (6,3)-2D lattices [24, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] .
In this context, we have recently initiated a detailed study of the role played by the solvent molecules located in the hexagonal channels in the structure and the magnetic properties of these 2D magnets formulated as (A)[M II M III (C 6 O 4 X 2 ) 3 ]·G. To perform this study, we have initially selected Mn(II) and Cr(III) as M II and M III , since this couple of metal ions crystallizes more easily (Table 1) . We have selected A = NBu 4 + as the cation and chloranilato as the ligand (X = Cl), and we have focused on a series of benzene derivative solvent molecules (C 6 H 5 X with X = Cl, Br, I, CH 3 , CN, and NO 2 ), since they seem to play a template role that facilitates the crystallization of these 2D lattices. With this idea in mind, we have prepared the series of compounds formulated as (NBu 4 )[MnCr(C 6 O 4 Cl 2 ) 3 ]·n C 6 H 5 X with n/X = 1/Cl (1), 1.5/Br (2), 1/I (3), 1/CH 3 (4), 2/CN (5), and 2/NO 2 (6) . This series of compounds are solvates since they are isostructural and only differ in the solvent molecules. They present the structure of compound (NBu 4 )[MnCr(C 6 O 4 Br 2 ) 3 ]·C 6 H 5 Br·0.5H 2 O (A) [39] and show a fine modulation of the ordering temperatures in the range 9.8-11.2 K depending on the electronic properties of the benzene derivative molecule and on the number of solvent molecules inserted in the channels.
Here, we present the chemical and the magnetic characterization of the six compounds and show that it is possible to fine-tune the ordering temperatures with a simple change of the solvent molecules. 
Results and Discussion

Syntheses of the Complexes
The six compounds were synthesized by carefully layering solutions containing the precursor [Cr(C6O4Cl2)3] 3− anion and Mn(II) ions with the corresponding benzene derivative solvents. In all cases, an intermediate layer was needed to slow down the crystallization process and prevent the formation of amorphous or low quality crystalline materials. All the attempts to obtain good quality single crystals failed, although the X-ray powder diffractograms showed that they are all isostructural to the closely related compound (NBu4)[MnCr(C6O4Br2)3]·C6H5Br·0.5H2O (A) [39] . 
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FT-IR Spectra
As expected, the six compounds showed very similar IR spectra ( Figure 2 ). The only differences corresponded to the bands associated with the solvent molecules. Table 2 lists the main bands and their assignments. The FT-IR spectra in all cases confirmed the presence of the corresponding solvent molecules (C 6 H 5 Cl in 1, C 6 H 5 Br in 2, C 6 H 5 I in 3, C 6 H 5 CH 3 in 4, C 6 H 5 CN in 5, and C 6 H 5 NO 2 in 6), in agreement with the chemical and the thermo-gravimetric analysis. 
As expected, the six compounds showed very similar IR spectra ( Figure 2 ). The only differences corresponded to the bands associated with the solvent molecules. Table 2 lists the main bands and their assignments. The FT-IR spectra in all cases confirmed the presence of the corresponding solvent molecules (C6H5Cl in 1, C6H5Br in 2, C6H5I in 3, C6H5CH3 in 4, C6H5CN in 5, and C6H5NO2 in 6), in agreement with the chemical and the thermo-gravimetric analysis. 
Thermogravimetric Analysis
The thermogravimetric analysis of compounds 1-6 ( Figure 3 ) showed an initial weight loss with a plateau in the range ca. 200-290 °C depending on the sample (Table 3 ). This weight loss corresponded to the release of the benzene derivative solvent molecules. The experimental weight loss ( Table 3) 
The thermogravimetric analysis of compounds 1-6 ( Figure 3 ) showed an initial weight loss with a plateau in the range ca. 200-290 • C depending on the sample (Table 3) . This weight loss corresponded to the release of the benzene derivative solvent molecules. The experimental weight loss (Table 3) indicated that compounds 1, 3, and 4 contained one solvent molecule (C 6 H 5 Cl in 1, C 6 H 5 I in 3, and C 6 H 5 CH 3 in 4), whereas compound 2 contained 1.5 C 6 H 5 Br molecules and compounds 5 and 6 contained two solvent molecules (C 6 H 5 CN in 5 and C 6 H 5 NO 2 in 6). These values are in agreement with the elemental analysis in all cases (see experimental section). We can, therefore, conclude that the used solvents (C 6 H 5 Cl, C 6 H 5 Br, C 6 H 5 I, C 6 H 5 CH 3 , C 6 H 5 CN, and C 6 H 5 NO 2 ) entered in the structures of compounds 1-6 (as observed in the IR spectra), and that compounds 1, 3, and 4 contain one solvent molecule, compound 2 contains ca. 1.5, and compounds 5 and 6 contain around two solvent molecules per formula. At higher temperatures (around 350 • C), all compounds showed an abrupt weight loss corresponding to the decomposition and the release of the chloranilato ligand. As can be seen in the derivative plot, compound 4 needed a higher temperature (around 300 • C) to release the toluene molecule, suggesting that this molecule has a stronger interaction with the 2D lattice (probably due to the formation of H-bonds, as already observed in other anilato-based lattices) [34] . agreement with the elemental analysis in all cases (see experimental section). We can, therefore, conclude that the used solvents (C6H5Cl, C6H5Br, C6H5I, C6H5CH3, C6H5CN, and C6H5NO2) entered in the structures of compounds 1-6 (as observed in the IR spectra), and that compounds 1, 3, and 4 contain one solvent molecule, compound 2 contains ca. 1.5, and compounds 5 and 6 contain around two solvent molecules per formula. At higher temperatures (around 350 °C), all compounds showed an abrupt weight loss corresponding to the decomposition and the release of the chloranilato ligand.
As can be seen in the derivative plot, compound 4 needed a higher temperature (around 300 °C) to release the toluene molecule, suggesting that this molecule has a stronger interaction with the 2D lattice (probably due to the formation of H-bonds, as already observed in other anilato-based lattices) [34] . 
Structures of Compounds 1-6
Compounds 1-6 are isostructural to compound (NBu4)[MnCr(C6O4Br2)3]·C6H5Br·0.5H2O (A), [39] as shown by their X-ray powder diffractograms ( Figure 4 ). The unit cell parameters of compounds 1-6 (Table 4) , calculated from their X-ray powder diffractograms based on the structure of A with X'Pert HighScore Plus software, [45] further confirmed the isostructurality. Interestingly, compounds 1-6 did not show any correlation between the size and the number of the solvent molecules and the unit cell parameters, suggesting that the solvent molecules are located in the hexagonal channels rather than in the interlayer space and, therefore, they do not modify the structure. [39] as shown by their X-ray powder diffractograms (Figure 4 ). The unit cell parameters of compounds 1-6 ( Table 4) , calculated from their X-ray powder diffractograms based on the structure of A with X'Pert HighScore Plus software, [45] further confirmed the isostructurality. Interestingly, compounds 1-6 did not show any correlation between the size and the number of the solvent molecules and the unit cell parameters, suggesting that the solvent molecules are located in the hexagonal channels rather than in the interlayer space and, therefore, they do not modify the structure. Compound A (and compounds 1-6) presents a layered structure where anionic layers of formula [MnCr(C6O4X2)3] − with X = Br (A) and Cl (1-6) alternate with cationic layers of NBu4 + cations (Figure 5a ). The interlayer distance is 8.7 Å. The anionic layers show the classical honeycomb structure with Mn(II) and Cr(III) ions alternating in the vertex of the hexagons and the anilato ligands in the sides (Figure 5b ). The benzene derivative solvent molecules are located in the (Figure 5b ). The benzene derivative solvent molecules are located in the hexagonal channels formed by the eclipsed packing of the honeycomb layers ( Figure 5c ) and show strong π-π interactions with the anilato rings with an interplane angle of 6.95 • , a centroid-centroid distance of 3.870 Å, and a shift distance of 1.425 Å (Figure 5d ). The Br···Br distances between the Br atom of the C 6 H 5 Br molecule and the closest bromanilato ligands are 3.82 and 3.90 Å, only slightly above the sum of the van der Waals radii (3.72 Å).
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Magnetic Properties
As expected, compounds 1-6 show quite similar magnetic properties, although, as we note below, there are slight differences in the ordering temperatures and the coercive fields depending on the solvent inserted in the hexagonal channels. All compounds show χmT values at room temperature in the range 6.25-6.35 cm 3 K mol −1 ( Table 5 and Figure 6a )-very close to the calculated spin only values for S = 3/2 Cr(III) and S = 5/2 high spin Mn(II) ions [χm is the molar magnetic susceptibility per Mn(II)Cr(III) couple]. These χmT values show a continuous smooth decrease on cooling the samples and reach minimum values at around 20 K, followed by a sharp increase at around 12 K (inset Figure 6a ). This behavior indicates the presence of a ferrimagnetic Mn-Cr coupling in all the samples, as observed in all the previously characterized [MnCr(C6O4X2)3] − lattices (Table 1) . At ca. 10 K, all the samples show a maximum in χmT, followed by an abrupt decrease due to the saturation effects of χm at low temperatures (Figure 6b) . The sharp increase observed at ca. 10-12 K suggests the onset of a long range ferrimagnetic ordering, in agreement with the sharp increase observed in the thermal variation of χm at ca. 10-11 K in all compounds (inset in Figure 6b ). 
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The idea that the solvent molecules play an important role in T c is further supported by the fact that the de-solvated compound (NBu 4 )[MnCr(C 6 O 4 Cl 2 ) 3 ] (B) [23] shows an ordering temperature of 5.5 K (Table 1) , well below the observed ones in compounds 1-6. Although compound B has a slightly different structure (the honeycomb layers are alternated, and the hexagonal rings are completely planar), the lower value of T c in the de-solvated compound suggests that the presence of the solvent molecules increases the electron density in the anilato rings and, accordingly, the magnetic coupling and the ordering temperatures. In fact, preliminary measurements performed on compound 6 after heating the sample at 400 K under vacuum to remove the PhNO 2 molecules show a slight decrease in T c (and an important decrease of the coercive field), further supporting the idea that the solvent molecules are responsible for the fine tuning of T c .
Despite compounds 1-6 show very close unit cell parameters ( Compound 1 was prepared by carefully layering, at room temperature, a solution of (NBu 4 ) 3 [Cr(C 6 O 4 Cl 2 ) 3 ] (70 mg, 0.05 mmol) in acetonitrile (10 mL) on top of a solution of MnCl 2 ·4H 2 O (40 mg, 0.2 mmol) in 4 mL of MeOH and 6 mL of chlorobenzene. An intermediate layer with a mixture of methanol:chlorobenzene (8:1) was used in order to slow down the diffusion. The solution was
Magnetic Measurements
Magnetic measurements were performed with a Quantum Design MPMS-XL-5 SQUID magnetometer (San Diego, CA, USA) with an applied magnetic field of 0.1 T (0.5 T for compound 4) in the 2-300 K temperature range on polycrystalline samples of all the compounds with masses of 7.514, 3.824, 9.056, 1.002, 5.932, and 4.998 mg for compounds 1-6, respectively. The isothermal magnetization hysteresis measurements were done with fields from −5 to 5 Tesla at 2 K. AC susceptibility measurements were performed on the same samples with an AC field of 0.395 mT in the temperature range 2-14 K and in the frequency range 10-1000 Hz. Susceptibility data were corrected for the sample holder and for the diamagnetic contribution of the salts using Pascal's constants [46] .
X-ray Powder Diffraction
The X-ray powder diffractograms were collected on polycrystalline samples of compounds 1-6 using a 0.5 mm glass capillary that was mounted and aligned on an Empyrean PANalytical powder diffractometer using CuKα radiation (λ = 1.54177 Å). A total of six scans were collected at room temperature in the 2θ range 5-40 • and merged in a single diffractogram.
Physical Properties
FT-IR spectra were performed on KBr pellets and collected with a Bruker Equinox 55 spectrophotometer. C, H, and N analyses were performed with a Thermo Electron CHNS Flash 2000 analyser and with a Carlo Erba mod. EA1108 CHNS analyzer. The Mn:Cr:Cl:X ratios (X = Cl in 1 and Br in 2) of the bulk samples were estimated by electron probe microanalysis (EPMA) performed in a Philips SEM XL30 equipped with an EDAX DX-4 microprobe. Thermogravimetric (TG) measurements were performed in Pt crucibles with a TA instruments TGA 550 thermobalance equipped with an autosampler. The TG measurements were done in the 30-700 • C temperature range at 10 • C/min under a N 2 flux of 60 mL/min.
Conclusions
The series of six compounds formulated as (NBu 4 )[MnCr(C 6 O 4 Cl 2 ) 3 ]·nG with n = 1 for G = C 6 H 5 Cl (1), C 6 H 5 I (3), C 6 H 5 CH 3 (4), n = 1.5 for C 6 H 5 Br (2), and n = 2 for G = C 6 H 5 CN (5), and C 6 H 5 NO 2 (6) show that it is possible to prepare a complete series of isostructural 2D ferrimagnets by simply changing the solvent molecules. This series presents the classical honeycomb 2D lattice with an eclipsed packing of the layers giving rise to hexagonal channels and shows long range ferrimagnetic order with T c ranging from 9.8 to 11.2 K. Interestingly, this fine modulation of T c seems to be related to the electronic character and the number of solvent molecules that enter in the hexagonal channels of these 2D ferrimagnets. We have also prepared the corresponding bromanilato series with the same solvent molecules. Preliminary magnetic measurements show that they are also ferrimagnets with very similar T c and with a very close sequence of ordering temperatures, further supporting the above results. Work is in progress to complete these series with other aromatic (and not aromatic) solvents and for other anilato ligands and even metal ions. Finally, attempts to remove and/or exchange the different solvent molecules are under investigation. Preliminary results suggest that it is indeed possible to exchange and even to remove the solvents molecules and, as expected, the exchanged and the evacuated compounds slightly modify their ordering temperatures. 
